In the seventies the author carried out numerous laboratory tests, simultaneously performed under six different states of stress and deformation (totally 121 identical three samples tested). The aim was to obtain a three dimensional nonlinear constitutive equation, i.e., one which higher applies to stresses.The theoretical background was a constitutive equation consistent with the principle of maximum entropy production. The irreversible part -which was exclusively considered -depends only on the dissipafion function, represented by an exponential series. The final result consists of nine coefficients of three invariants of the stress tensor. Unfortunately, the resulting equation was never used to resolve practical problems in snow mechanics. This paper is aimed to demonstrate the usefulness of the equation by means of simple examples. For a uniform horizontal snow cover, it was firstly shown that snow behaves strongly non-symmetrically under compression and tension. And secondly, it was seen that the settlement (compression) deformation rates are up to 50 per cent higher than those with linear behaviour. In an other example, the development of a shear crack on the occasion of snow slab release has demonstrated that fracture starts earlier upslope and propagates faster than downslope. On the other hand, linearity between shear stresses and shear deformation can be justified.
INTRODUCTION
Solutions of problems in applied snow mechanics include the calculation of the velocity and stress fields. Besides the equations which hold for any continuum -equations of continuity and motion -further equations which describe the specific material in question are needed. These are the constitutive equations establishing a relation between statical (stress) and kinematical (rates of deformation) pressure and finally pure hydrostatic pressure. All tests under different states of stress and deformation were performed simultaneously with the same snow type under same temperature conditions. Unfortunately, the results of these extremely time-consuming and expensive investigations were never used in practice. One of the probable reasons for this was that these were presented in the form of an unpublished dissertation in German only. tensors.
The idealisations made were: snow samples A constitutive equation has been developed by are an isotropic and homogeneous continuum. Salm3.4 based on numerous laboratory tests (uniaxial Temperature remains always constant. Creeping stress with compression and tension, uniaxial means slow movements with no inertial effects. deformation, triaxial tests, i.e., uniaxial compressive Furthermore elasticity including retarded elasticity and tensile stresses with superimposed hydrostatic are not considered, i.e., only the states after retardation time has passed by are considered.
The resulting constitutive equation holds only for a momentary state of the snow with a certain momentary structure (coordination number and area of bonds between grains, grain shapes and diameters, no influence of metamorphism, etc.). The experiments showed that although their durations were'only a few hours, a surprisingly large influence of even small deformations (a few per cent a f change in length of the sample produced a change in viscosity of one order of magnitude larger. So, as the snow after the test was no more the same as beforealways a reference-qtate corresponding to the undeformed sample, had to be calculated. With regard to these idealisations the most general constitutive equation is that of a Reiner-Rivlinliquid2.
However with the principle of maximum entropy production postulated by Ziegler6, the field of possible constitutive equations is substantially reduced. The irreversible part of deformation depends only on the dissipation function D: wherep is the mean density. The summation convention is used.
With the assumed isotropy, the right hand side of Eqn (1) can be expressed as Eqns (3) and (4) and These a values are valid for the tested snow, i.e., for a density p = 43 1.9 kg m-3, stresses within about 10.7 x 10% m-,I at -5.2 "C. Tensile strength was 2 x lo5 N m-2 and the mean grain diameter 0.15 mm (rounded grains).
APPLICATIONS
Applications of the constitutive equation described above are possible for any three dimensional state of stress or deformation. The aim of this paper is, however, to demonstrate the character of the presented constitutive equation by simple 'one-dimensional state and to demonstrate some limits of the often used linear relationships.
Uniaxial State of Deformation
Under a stress o,, ( 
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Uniform Horizontal Snowcover
In Fig. 1 For comparison, the uniaxial state of stress (A = 0) is plotted too. Here again, considerable differences. are observed (+35 per cent).
In Fig.(2) for comparison the same snowpack is exposed to tensile stresses. Again, considerable differences occur between linear and nonlinear behaviour (uniaxial states of deformation and of and under tension, respectively. Again, both are compared with linear behaviour. As expected, large differences occur: snow is more soft under compression and more r.igid under tension.
Shear Crack in Weak Layer
Bader and Salml proposed a model for snow slab release by postulating the necessary existence of a slope-parallel super-weak zone which interrupts a weak layer over a certain distance 2a. It was assumed that shear stresses of the overburden snow layer cannot be transmitted over 2a. end of the super-weak zone which is assumed to be infinite along the contour-line, additional tensile stresses appear in the overburden layer in a plane perpendicular to the weak layer. On the other hand, additional compressive forces occur at the lower end. These additional forces create additionai shear stresses in the weak layer with their maximum at the ends of the super-weak zone and decreasing exponentially to zero with increasing distance from them. Superimposed are the shear stresses of the undisturbed snowpack, i.e., where po and do are the density and the thickness of the overburden layer, respectively. Slope angle is y and axis parallel to the weak layer is x , and perpendicular to itx,. The resulting maximum shear stress is:
where with the viscosities qS and q0 of the weak layer (thickness ds) and the overburden layer respectively.
under compression (settlwent).
Bader and Salm assumed linear behaviour, therefore, the lengths of the upslope tension zone and compression zone are equal.
With t k nonlinear constitutive equation however, the tension zone must be longer. To investigate this effect, the velocity distribution of the overburden layer above the super-weak zone was calculated. For this, spatially fixed planes perpendicular to the weak layer on both ends of the zone were assumed to have identical velocities on both ends. The quantity p, ys, sinty of the overburden layer was taken as 4,237 Nm-2. The total length of the zone is assumed to be 10 m . As boundary condition one has vanishing u at both the ends. The uniaxial state of deformation was used for calculation which is an approximation. In reality, the mechanical state is between uniaxial state of stress and deformation. The boundary between tension and compression zones is given with the condition V,,= 0, where stresses are zero. In the velocity distribution this is given by the maximum, i.e., 6uI6x = 0. In view of,the uncertai~ity of q,, this difference can certainly be neglected. It is however, an intenwing consequence of snow slab release: upslope fracture in the weak layer is critical one. It starts earlier and propagates faster than that downslope. As soon as the tension force in the overburden layer reaches the tensile strength, the maximum upslope length of the slab is therefore given. Failure downwards, under compression, appear subsequently.
As a second question to the model of Bader and Salm, one may ask whether a linear, stressindependent viscosity can be justified for the relative high shear stress peaks in the weak layer: The nonlinear constitutive Eqn (1) yields for pure shear where 02, is the only nonvanishing stress (approximation!). To investigate this question, an example with the following assumptions was taken up:
Shear stress in the undisturbed snowpack Eqn (31) is 4237 Pa, wherein the thickness of the overbprden snow layer is 1.56 m and the slope angle 40". The viscosity of the weak layer amounts to loX Pas and'that of the overburden snow 7.336 x 101° Pas and thickness is 3.56 m the latter two are linear values according to Eqn (10). With the length a=5.8 m (Fig.5) in the tension part, the peak shear stress becomes 13,200 Pa. The stressdependent viscosity is shown in Fig.6 . whi,ch clearly shows that the assumption of linearity is justified, the relative decrease to the peak stress is only about 5 per cent.
CONCLUSION
The a values used in this paper are valid only
for the tested snow (EqnlO). But it can be expected, instance the strongly nonsymmetric beh.aviour under compression and tension, both for axial deformation and change in volume.
To establish a three-dimensional constitutive equation tests under compression and tension are unconditionally necessary. In this context it may be remembered that on a sloping snowpack one principal stress can be tensile3v4. Tests on uniaxial states of stress deliver mainly dependences in relation to the first stress invariant (a values with subscripts 1). In such tests, only weak dependences exist to the second and none to the third invariant. This may be true for all snow types as stated in the above hypothesis. Therefore, triaxial tests are also needed.
Even though only a momentary behaviour of the snowstructure can be given, this is the simplest supposition one can make. For the evaluation of test results, it has to be taken into account that snow changes the viscosities considerably with only a few per cent of deformation. The snow after
APPLICATIONS
The settlement (uniaxial state of deformation under pressure) is gt'eatly influenced by nonlinearity (Figs 1 and 3) . The same is true for tension and uniaxial states of stress (Fig.1, 2 and 4) . For the mechanics of snow slab release (super-weak zone hypothesis), it could be shown that the tension zone is longer than compression zone. Consequently, the fracture propagates faster upwards than downwards. However, the nonlinearity of the shearviscosity can be neglected, which is only true if the behaviour with lower viscosities than those of Eqn (10) is principally the same (see above hypothesis).
It seems important to extend tests to different types of snow, especially towards smaller densities, say 200 -300 kg/m3 to see whether the characteristic behaviour remains the same.
